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加。相关分析表明：沉积物中 Cd 的 Fe/Mn 氧化物结合态与沉积物中 pH 存在显
著相关关系，有机质及硫化物结合态则受沉积物中有机质、总 C/N 比和 TS 含量
以及沉积物机械组成共同制约。 
3. 用改进的高效液相色谱法（色谱条件为: Agilent l200 型高效液相色谱及其
色谱工作站，Hypersil-ODS，HC-C18(2)，Analytical 4.6×250 mm 反向色谱柱，流
动相为 2%乙酸溶液（pH 2.6）+甲醇混合液（75% : 25%），流速为 1 ml·min-1，







基苯甲酸含量 高。沉积物中酚酸与 Cd 的形态分配呈一定的相关性，分析表明
林内沉积物中部分酚酸的含量与 Cd 的水溶态和碳酸盐结合态、Fe/Mn 氧化物结
合态呈显著正相关（P＜0.05），与有机质及硫化物结合态呈显著负相关（P＜
0.05）。 






＜0.05），与体内 Cd 积累量、PPO 活性及叶绿素 a/b 比值呈负相关（P＜0.05）。 
5. 不同浓度 Cd 处理不同时间对白骨壤幼苗 PAL 活性、PPO 活性、叶绿素
含量以及叶绿素 a/b 比值均有一定的影响。在同一浓度处理水平下，叶中的 PAL
活性、PPO 活性在幼苗体内表现为：叶＞根；叶绿素 a、叶绿素 b、叶绿素总量















a/b 比值在低浓度 Cd 胁迫时随处理时间增加而增加，在高浓度时呈现先上升后
降低又上升的趋势。这可表明，不同浓度 Cd 均可造成白骨壤幼苗 PAL、PPO 活
性的变化，均可降低叶片中叶绿素含量，这可能是造成体内酚酸含量变化的原因
之一。 
6. 不同浓度 Cd 处理白骨壤幼苗不同时间后，幼苗根、茎、叶中 Cd 积累量
明显高于对照，各器官 Cd 的积累浓度为：根＞茎＞叶，且对 Cd 的吸收累积随




7. 采用滤纸湿润法培养法，探究 4 种酚酸和混合酸对互花米草种子的萌发、


















































In recent years, more and more heavy metal pollutants were discharged and 
collected in the mangrove ecosystem with the rapid development of regional economy, 
and it has led increasing serious heavy metals problems in the mangrove wetland. The 
strong proliferation ability and adaptability of Spatina alterniflora make it not only 
occupy a large scale of mangrove wetland, but also spread at an alarming rate year by 
year, which led natural regeneration of mangrove forests hampered and resulting in  
its degradation gradually. 
Phenolic allelochemicals are important secondary metabolites. Phenolic acids 
content in the plants can increase under heavy metals stress, on the one hand, the part 
released into the environment can inhibit the growth of the plant around, on the other 
hand, the part produced by plant and secreted by root system can also alleviated the 
damage from the stress and activiate sparingly soluble nutrients in the rhizosphere 
soils through reduction, coordination and acidification, that can promote the 
absorption and utilization of the nutrients. 
Now the study of heavy metals pollution in the mangrove ecosystem has been 
great reported in recent years. However, the effects of phenolic acids in the mangrove 
rhisophere soils on heavy metals stress are not cleared, especially the allelopathy of 
phenolic allelochemicals in the special mangrove wetland on S. alterniflora are still 
not reported yet.   
In the present study, the sediment in the Zhangzhou Mangrove National Nature 
Reserve in the Zhangjiang estuary in Fujian Province were used and three common 
heavy metals (Cd、Fe、Mn) were selected to study the speciation of heavy metals and 
composition distribution of phenolic acids and to explore the effects of phenolic acids 
and physical-chemical parameters on bio-availability of heavy metals. And combined 
with solution culture experiment, we investigate the response of phenolic acids in the 
Avicennia marina seedlings under Cd stress, and finally discuss the invasion 
mechanism of S. alterniflora into mangrove by studying allelopathic effect of the 
phenolic acids on the germination and growth of S. alterniflora. That could provide 
the new scientific theoretical basis for controlling S. alterniflora further invading 















1. The result of heavy metals content in different locations in the mangrove 
wetland of Zhangjiang estuary showed that there is a higher content of Cd in the 
forests than that in the mudflat. It may be caused by the combined effects of organic 
matter content, mechanical composition, Fe, Mn content and other factors in the 
sediments. And the analysis of core sediments showed that the content of Cd is 
basically stable. 
2. There was a big difference of Cd speciation among the different locations in 
the mangrove wetland. The percentage of exchangeable and carbonate bound, organic 
matter-sulfide bound was higher in the mudflat and forest edge, and residual form was 
higher in the forest while other fractions were lower generally. The Fe/Mn oxide 
bound fraction of Cd increased with the increasing depth of the sediment. The 
correlation analysis showed that there was a significant correlation between the Fe/Mn 
oxide bound fraction of Cd and pH in the sediments, and the O.M-sulfide bound 
fraction was jointly regulated by OM content, total carbon/nitrogen ratio, total sulphur 
content and mechanical composition in the sediment. 
3. An improved high performance liquid chromatography (HPLC) method for the 
anaylsis of distribution and content of phenolic acids in the mangrove sediments of 
Zhangjiang estuary. Agilent 1200 reversed-phase column liquid chromography was 
used for the separation and quantification of 6 phenolic acids (p-hydroxybenzoic acid, 
vanillic acid, syringic acid, chlorogenic acid, caffeic acid and ferulic acid) in the 
mangrove sedimets. A mobile phase of 75% methanol and 25% acetic acid (2%) at pH 
2.6 at a flow-rate of 1 ml·min-1 resolved all 6 phenolic acids on a Hypersil-ODS 
HC-C18(2) (4.6×250 mm) column. DAD output at 280nm and 320nm, sample quantity 
at 100μl and temperature at 25 ± 2℃ were used for the quantification of phenolic 
acids. Different locations have different phenolic acids both in quantity and quality in 
the sediments. P-hydroxybenzoic acid, vanillic acid, syringic acid and chlorogenic 
acid can all be identified in the mangrove sediment, and ferulic acid can be identified 
in the edge and the mudflat. There is some differences detected in contents of 
water-soluble single phenolic among the different sites, that phenolic acids contents 
within forest sediments was highest and they increased with the increase of the 
sediment depth. Of these six phenolic acids, p-hydroxybenzoic was the highest. The 
correlation analysis showed that phenolic acids content was positively correlated with 















(P＜0.05), and negatively correlated with O.M-sulfide bound fraction (P＜0.05). 
4. Soultion culture experiments were conducted to investigate the effects of Cd 
on the phenolic acids content in the A.marina seedlings. The results showed that these 
six phenolic acids content respond differently to different concentration of Cd, usually 
they reduced in the presence of high Cd concentration while increased during the 
experiment. The phenolic acids content was highest in the leaves while lowest in the 
roots under the same concentration of Cd. The correlation anasylsis revealed that 
phenolic acids content was siginificantly positive correlated with chlorophyll content 
(P＜0.05), and it was negatively correlated with Cd accumulation, PPO activity and 
chl a/b ratio in the A.marina seedlings (P＜0.05).  
5. Different concentrations of Cd at different treatment time have a certain 
impact on the PAL activity, PPO activity, chlorophyll content and chl a/b ratio in the 
A.marina seedlings. Higher value of PAL and PPO activity were detected in leaves 
than roots. The content of chlorophyll a and chlorophyll b both significantly decreased 
under Cd treatment, and chlorophyll b was inhibited more. However chl a/b ratio 
increased with increasing treatment time in low concentration, while rised initially 
then decreased and finally later in high concentration. These showed that PAL activity 
and PPO activity can be changed and chlorophyll content can be reduced by different 
concentration of Cd, which may resulted in the changes of phenolic acids content in 
the seedlings. 
6. Cd accumulation and effects in the tissues were closely related to Cd 
concentration in the growth medium and treatment time. All in root, stem and leaf, 
concentrations of Cd in A. marina seedlings increased significantly with increasing 
metal concentrations and treatment time. It showed that Cd was most abundant in the 
roots whereas the lowest in the leaves.The correlation analysis revealed that Cd 
accumulation was negatively correlated with p-hydroxybenzoic acid and chlorogenic 
acid contents in leaves and roots of A. marina. The result in our study showed that 
accumulation of Cd in the leaf decreased at first and then increased later, it can be 
explained by the exsiting salt gland and epidermal hair in the leaves can excrete Cd 
outside and reduce the damage of Cd on A. marina seedlings. It showed that the 
change of Cd accumulation may be one of the reasons which resulting in the changes 
of phenolic acids content in the seedlings. 
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